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Structure of a Cage Dimer (1) and a Dimer Ketone (11) Formed via Thermal Reaction of
Ethyl 3-Phenyl-2-norbornadienecarboxylate with Pentacarbonyliron

By JUDITH L. FLIPPEN-ANDERSON,* RICHARD GILARDI AND CLIFFORD GEORGE

Laborator" for the Structure of Matter, Naval Research Laboraton, Washington. DC 20375-5000. USA

AND ALAN P. MARCHAND* AND PARrTOSH R. DAVE

Department of Chemistr,. North Texas State University, Denton. Texcs 76203. USA

(Received 20 August 1988; accepeed4 Januarn 1989)

t 6 K- T- 89- 1 292
Abstract. Diethyl 1,14-diphenylheptacyclol6.6.0.- Hayes, 1976; Marchand & Earlywine, 1984; Marchand
0:-6.013 1.09.0 0o.I* ltetradecane-2,10-dicarboxy- & Wu, 1985; Hargittai. BrunvoU, Cyvin & Marchand.
late (I). C3,H320,, M, -485.60, triclinic, P1, a 1986) and one (or more) 'dimer ketones' (Weissberger
9.292 (2), b = 11-823 (2), c = 13.224 (3) A, a= & Laszlo, 1976; Marchand & Hayes, 1977; Marchand.
66.53 t2). fi= 86.80 (2), y= 6 8 . 36 (2)",  V= Goodin, Hossain & van der Helm, 1984; Marchand.
1231.5 (5)A 3, Z = 2, D = 1.30 Mg m-', A(Mo Ka) Earlywine & Heeg, 1986). Indeed, such products were
= 0.71073 A, p = 0-08 mm - ', F(000) = 512, T= isolated in low yield from the corresponding reaction of
295 K, final R = 0.082, wR =0.068 for 2624 ob- (1) -ith Fe(CO). A single cage cyclodimer 1(2), 0.3%)
served reflections. Diethyl 9-oxo-2#,7fl-diphenyl-lfl,- and a single dimer ketone 1(3), 3.7%] were isolated
2,3.4#,4afl,4bf,5a.6,7,8a,8af,9ia-dodecahydro-1,4:5,8- from this reaction along with a mixture of dia-
dimethanofluorene-3fl,6fl-dicartoxylate (II), C 33H3 6 05, stereoisomeric substituted ferrocenes 1(4a) and (4b),
M,=512-64, monoclic, P2,,'n, a=10.206(1), b= lI.6%.Scheme 1].
17.853(2). c= 14-940(2)A, fl=102-50(9)0, V=
2657.6(4)A 3, Z=4, Dx = 1.28Mgm - , A(CuKa) Ph

1- 54178 A, u=0.64mm- 1, F(000)= 1096, T= Il) 2

295 K, final R =0.046, wR =0-057 for 3114 ob- E 72Nh
served reflections.)1n (I) the cyclotetradecane cage (1) E coI

*formation occurred such that the two phenyl groups are E

on adjacent C atoms and all the substituents are cis o
with respect to one vother (C-C-C-C torsion angles .
are -1 .7 and - 1. - for the phenyl-ethoxycarbonyl F: Ph

neighborsa-nd -26.91c for the phenyl-phenyl system) 2

In (II) the phenyl groups are cis with respect to their 12) 1&| (3)(3%) (4)mo) *(4b)li 1

adjacent ethoxycarbonyl neighbors)(C-C-C-C tor- H2  /Ctie

sions are -4.6 and -7-1) but are on opposite sides of ,.4

the fused ring system. K. H H'Ph

Introduction. As part of a detailed study of the ,PhN ,
stereochemistry and mechanism of the carbonyliron- H
promoted coupling of substituted norbornadienes to (5)

carbon monoxide (Marchand & Hayes, 1977; Mar-
chand, Goodin, Hossain & van der Helm, 1984; Scheme I
Marchand, Earlywine & Heeg, 1986), the thermal
reaction of Fe(CO)5 with racemic ethyl 3-phenyl-
2-norbornadienecarboxylate (Scheme 1) has been The structure of (2) (I) was established via single-
investigated. Reactions of this type often proceed with a crystal X-ray structural analysis. We were unable to
high degree of regio- and stereoselectivity to afford a obtain a single crystal of (3) of sufficient quality for this
variety of products, among which are a heptacyclic purpose. Instead, (3) was hydrogenated over palla-
cage cyclodimer (Neely, van der Helm, Marchand & dized charcoal. Reduction occurred stereospecifically at

the exo face of both double bonds in (3), thereby
To whom correspondence should be addressed. affording (5) (Scheme 1). A suitable single crystal of (5)
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~9110>:



1172 A CAGE DIMER. C31H,,0 . AND A DIMER KETONE, C,,H,,0

Table 1. Atomic coordinates (x 10") and equizvalent Table 2. Bond lengths (A) and bond angles (')for (1)
isotropic displacem ent param eters WA x 10 )for (1) M 0 6 6 6)M 47s154 (6

CO 1- 01) 1 584 M6 clIH.-C(I) 1 5 18 (to
Equivalent isotropic U defined as one thirt4 of the trace of the C (2 )-C(31) s 33:81 C(2 --C16) I587

orthogonalized Uu tensor. c(2),C 2 -so I c65 C3)_-C 4 54, (6
C(V~ l) 21 (81 (;-c 3 534 ft

x z/,:, 14) C 111 ; C2 8 c ( (5) , 1 530;?
( 3007 (5) 2887 (4) 7507 (3) 37 Q2) c(5 .-- 91 1 553 16) C16I-c(7) 1 524 j7 )

c 11 3321 (1 4038 (4) 6474 03) 44 Q)1 C(7 . C181 1 526 18) C(81-C(91 1 533 (61
C (3) 3641 (5) 3532 (4) 5551 (3) 49 (1 C09 -C(lO1 1 523 (8) c(io _C(Il ) 54! 16)
c(4 5406 (5) 2681 j51 5725 (4) 56 (211 0 1C(io c(141 1.618 Is) C(i [H-C( 121 1 528 i81
C (5) 6017 (5) 2726 15) 6756 (4) 58 (3) CI 121,-C113) 1 530(7) C(1 3)-C(14) 1 555 t5)
C(6 4893 (5) 3975 (5) 6883 (4) 56 12) C(141-0C30) 1 51 (-t) C1151--C(161 1 386 (7)
C(

"
') 4871 (3) 35370 ) 8134 (4) 57 (3) C(1S--C120) 1 394 (6) C(16 -0 171 1.371 01

C (a) 4489 15) 2326(4) 83120() 45 (2) C (17 1- C( 18) 1.371 (81 C118)--C(19 
)  

1 169 (g)
C (9) 5735 (5) 1587 (4) 7744 (4) 49 t2) C(19-C120) 1.369 (6) CQ21 O(221) 1 190(6t)
Q(10) 5015 (s) 937 (4) 724001) 46 (2) C(21I)-O(23) 1. 339({8) C(241.--C125) 1 434 (9)
C(I 1) 5434 (5) 1284 (5) 6038 (4) 58 (2) C(24)-O(23) 1 462 ('7) C(260-0(27) 1. 196 (6)
C(12) 3990({5) 1506(15) 5372 (4) 59 (31 C(260-0(28) 1.340 (8) C(26t-C(101 1 49! (6)
C11 3) 2878 is) 2527 (4) 5774 (3) 46 (2) 0-28i-C129) I "S8 t6) C(291-0(308) 1 403 (9)
C( 14 3160(5) 1792M "4 060 (3) 19 (21 C129 -C(3 1 .432 19 0{311- C(32) 1 196 161
C(15) 1467 05) 3 3 0 (4) 7959 (3) 36 (2) C(1 )-C(36) 1.373 (81 C(Z_321-C 3 1 380 81
C(]6) 1398 15) 3360({4) 901 2 14 4S (2) 01331,C(341 1 380 (10) C(341-C(351 1 372 (8)
0(17) -9 (6) 3748M14 9425 W4 54 0) 0351,-C(06) 1 384 i8)
C(181 - 1379 (6) 4158 (5) 8801 15) 59 (3)
r 10, -1127 (5) 4196{4) 7711 141 4 111t rl? -C(Db-C(8) 101.1 (4) 472(2,~ 11,--f" 141 104.1 (3)

(1201 62 (5) 3810 (4) 7 329 (4) CZ is) ),- C( I -C(I 4) 0 6() C2-C |)C 1) 13 3

(7121) 2049 (5) 3401 (4) 6088 04) 48 (2) C181--C(M--C 15) 115.9M(4 C( 14)--C( 1 -C( 13) 113.8 (4)
0(22) 1152 (4) 5914({3) 5280 13) 67 (2) Ci I C(2 -C(31 105- 1 4) C(i1--0 21-0 6) 102 ,7 (3)
0(23) 2046 (4) 60080)3 6755 03) 65 Q2) CM3-C(2-C161 107.3 (4) C( )'C(2iC(2 I) 115 61(4)
C024| 919 (7) 73"76 (7) 6,412 (6) 100 (4) CW3-C(2)--C(71) 111. 44 C(60-C12t.-CQH1 113 8 (5)
C125) -4600( 01 ?321 (7) 6938 (7) 160 (6) C(21-C131--C4) 106 0 14) CI21-CM3-C(I 31 109 3 (4)
C0261 5497 (6) -523 15) N930 (4) 55 (3) C(40-C(3M-C(I 3) 103 9 14) C(3--C00--C(51 104 ' 14)
0(27) 6165 (5)l -1098 (3) 8846 (3) 85 (2) C(3 -C(4I-C(f 11 102" 1 4) C(51 -C(4).-01 1) 108. 1 0)
0(28) 5129 (4) -I 1167 M3 7414 (3) 73 (2| C(40-05),-0C6) 109.30)3 C(4 -C(5V--C(9I 104 4 (5)
C(29) 5558 (8) -- 5880() 8031 (6) 102 (4) C(61.-15 -C(9| 102-f- (41 C(b-0(6-C45) 100. '15)
0(30a) 4377 (141 -3034 101) 8652 f 16) W0(8|) C(21.-C(61--C(7 104 ' 14) C! -C6-() 104 0 13)
C (30b) 4397(16) -2951 (14) "7118 (181 94 (10) (6- CM1 -08) 94-8 is) W I)--C(8Y--C( 7 104.' 1(3)
03 1) 2 19 %(5) 96: 14) 7598 (3) 39 Q2) 01C(I-C8 _C(91 101.8 (4) C(71,-Cftt--C191 103 4(!41
0132) 2364 (5) 2741(4) &749 (4) 47 (2) C1 -C(9%-08) 103.5 14) C(M--C(9-C( 10) 106-3 (4)
C033) 1489 (6) -481 (5) 9253 (4) 6, 13) C(8 -CM9 C101 108.3 (4) C0206 1,-0 .C9) 111 8W(4
C034) 410(7) -551 15) 8627 15) '013) C(26 -Cf IO--C(I 1) 114.2 (4)t C(9-0(10-C(I1) 1 0",2 (4)
0(35% 219 (6) 132 (5) 7496 i5) 67 43) QC(C10-C(14) I I.,.21 (4) C(9-0(1%0(141 105,A (41
C036) 1122 (5) 86' (5) 6996(41 53 (Z) 0 1 -_010)-C(M4 102. 113) C(4)--C(I 1 )--Ci 0) 100 9 (4)

C(41-01 I l-C(12) 104-, 10) C(10W.C( 111-0(12) 105 0141
C( [I ] -012 .-C(131 94.4 (4) C(3M-C( 13 -- 121 103 8 441
C(M-C(13I,-Q(I4I 102-0 44) c(Ib.-C( 13 C( 141 104 0 0) •fi
C( I-C( 14-C(I0) 103 4 (4) 00| --0(141.-0 131 1060, 3)
C 10 -C11 41--C(131) 0~~ 1 0 (3) C(I1)-C(1-C( 31| 1[4-5 14))

24C(10I--C ii-C( 1) 14.0(31 C(13)-C 140.-C(3 1. 14)
023 V C-C(51--C(I6) 121.914) C(I-C(IS-CU10] 120.5(14)

C(I16-C(M -C120)1 Pl76 (4) C(15-C( 10 -017) 121-00)
C7 cs01C(16)-C(17)-C(18) 120, 6 (5) It 7 .CRk-(O 19(5)

C1C( M8-4711 --C{201 121.2(5) C(1I5b.-C(20"t--0191 120.60)3
C2 a C C (2).-C(21V-O(22) 125 3 16) CM(2"-C21 -OI23) 2 4

0 22 -01i-O23) ;22 7 4) C 201-0t13-02 6 1644
CIS ) C231--C(24b-O23) 107,6 (6) O(21h-C(26M--O28) 121.6 (51

ciO2 C 9027 -C(261,(Q10) 125,3 (6) O128 C(260C010) 113 2M1
CI 4C 26 - O (28 C 29 ) 116 ,4 (5 ) (28 - . - C( C 3 a ) 1 17 2 (6 "

0 18 -C M9-C(30b) 107. 9M) CO I# -C131 --C(3 2)"12 i I (s)
C14 C"02 C1 14 )-C131I --C(36| 122.4 i4) Cf 32- Ci 3 1 --C(36 117 5 (5)

C1 C031"t--32b--C(33) 120.701) C132)-C(33IC1341 120 5 (5)

CMC25 C(J33-C(J4I--C(35) 1(9- 5(6) C1341,-C(J5)-C(36) 1 19-716)
C33 C12C(I31i-C{I36 -C(135) 122. 1 15)

C3. C29, reflections with I1I1 20 391 used for determining

:Xb lattice parameters. 26,,, = 40*, range of hkl: 0 <
Fig. 1. Diagram of (1) as determined by X-ray diffraction. The two h1<_I11, -- 13 < k -_ 13, -15 < 1-5: 15. Standards 300.

positions for the disordered methyl'groups on C(29) are shown 030, 003, monitored every 100 reflections. with random
[C(30a) and CW30b]. variation of 3 -0% over data collection. 6/20 mode. scan

width (2.0 + A20.,J,,) °  scan rate a function of count
rate (81 rain-' minimum. 301 rain - ' ma-ximum), 4883

(11) was outained via careful fractional recrystal- reflections measured, 4352 unique, Rin, = 0.01-1. 2624
lization from methylene chloride-hexane mixed solvent. observed I[F > 3or F,, 1. Data corrected for Lorentz

and polarization effects. absorption ignored. (11),
Experimental. (1), colorless crystal. 0. 18 x 0.20 x colorless crystal. 0. 20 x 0. 12 x 0- 50 ram. except
0.40ram, automated Nicolet RhmiV diffractometer where noted 'same experimental conditions as for (1),
with incident beam monochromator, 25 centered cell parameters from 25 centered reflections with
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Table 3. Atomic coordinates (x 10") and equivalent Table 4. Bond lengths (A)and bond angles (0 )for (11)
iso:ropic displacement parameters (A2  10 )for (I) 0i1-C9) 1 211 3) 0121-C2) 120101

Equivalent isotropic U definer' n5 one third of the trace of the 03-C( 12) 1 337(3) 031-01 ) 1 45613)
-- Ol4 ~) 5202 13) 01)-l11 1339 T3orthogonalized Uu tensor. 151.c( I :I 455 3) Cl I)--Cll 540 3)

C( IC)2) 1 534 (3) CI)-C 0) 1 5C (41
x y . U , C( 0a- C(4a) 548(3) C(I,'-C)8a 55)3)

01) 6623 (2) 3356(111 9956(I) 8411) C2.-C31 3 (7531 C121-C) 121 51414)
0 21 5954 21 4796)) 5912 1) 73)() Cl3--C4) 1 54613) C13 -CI81 514131

013) 7007 (2) 5891 (1) 6247 (1) 57(1) C(4)- C(4a) 1 539 13) C4)- C1 10) 53231
0)1 1579(2) 3221 (I) 6376)() 6511) C(4a)-C(9) 1 518)3 CI5)-C5*i 529 (3)

015) 678 12) 2155(1) 675611) 5811) C15-C(6) 1 559131 C(5)--CI11) I 528 4)
C))) 4861 121 4856(l) 7568(2) 50()) C5a)-C(8a) 1.54713) C1581-CO9) I 514(3)
c 5385 (2) 404411) 7648(2) 44)11 C61-C17) 1573)3) C(6)-C24) I 515 (4)
C(1) 5897)2) 54091) 7348)(2) 49(j) C(71-C(8) 1(534 13) C('l-C15 1 507131
C131 7035(2) 5399)) 8248(2) 49(11) C18-C(8a) 1.547(3) C9-CI I) 1 53013)
C (4) 6427(2) 4877() 8876(2) 511) C 13)-C(14) 1-493(4) C(16C1 17) 1 486141
C(

4
a) 6459(2) 4060(1) 8556 (2) 47 (1) C( 181-C119) 1.377 (3) C(I8-C23) 1-387 (3)

C(5) 4647 (2) 2?37 ( 1) 8676 (2) 5311) C19--C(20) 1.382 (4) C(201-C(2 1) 1 365 (5)
COa) 4623(2) 31901) 8769)2) 46))) C21-C22) 1.368)4) C(22-C123) 1.380(4)
C (6 3215 (2) 2030 (I) 8259 12) 50() C124,-C(25) 1.38813) C(24)-C(29) 1 389 (3)
C,7) 3017 k2 2277 (1 '22712) 4911) C1251-C126) 1 387 (4) CI26--CI27) I 37 1(41
C(81 4288(2) 2733 ))) 721912) 51)1 C127)-C1281 1-365 (4) C128-C(29) I 381 (4)
C(sa) 4288 (2) 3470(i) 7765 (1) 43,'
C(9) 5987)(2) 3512 (1) 9196)2) 54)) C( 12)-0(3.--C 13) 117 2)2) CI 15)-051--C161 117 5 12)
C([0) 4928(2) 5056)) 8573(2) 58) C(Ia)-CII)-CI2) 112.212) Cls-COI-C)I0) 10.712)
C(II) 5329(3) 2257(1) 7866)2) 60)1) C(2)-C(II-C(O0) 1000(21 C()I-C(1a)--C(4a) 102.7 (2)
C12 6282(2) 5310(1) 6431 (2) 50(1) C)I)-C(Ia)-C(8a3) 112 5 2() CI4a-C(a)--C(8a) 107."12)
C 13) 7344(3) 5907 (2) 5348 (2) 661) C(I )-C21-C31 103.0(2) C( -C12.--C 12 16.4 12)
C(14) 8577 (3) 5465 (2) 5320(2) 79)0) C3)-C)2)-C( 12) (18 9 12) C2)-C31.-C4) 10! Q' 2)
C15) 17'03(2) 2622(1) 6753(2) 48)1) C12 -C(3)-C(18) 120.012) C14--C3)--C18) 115 9(21
C(16) -648 (3) 2389(2) 6263 (2) 691) C3--CM4)-C(4a) 110-2(2) C13 -C(4-C1I0) 101.6 (2)
C(17) -1519 (3) 2571(2) 6909)2) 78)) C(4a-C(4)-C(I0) 101.2(2) Ca)-C(4a)-C4) 103.3(2)
C(18) 8476(2) 5235 (I) 8192 12) 46)) C(Ia)-C(4a)--C(9) 106-2(2) C14)-C(4a)-C9) 112.6 Q3)
C(19) 9488 (3) 3U4 ( ) 8789 (2) 65 I)) CI5a)-C(5)-C16) 110.8 (2) C(Sa)-C(5)--C(1 I) 100.5 (2)
C20) 10822 (3) 5491 (2) 8773 (3) 890)) C{6)-C(5)--C( 1) 101-4 (2) C(5)--C( S)-C(Sal 103-8 (2)
C(21) 11156(3) 5010 (2) 8147 13) 93)2) CO5--C5a)--C(9) 1126 (2) C(8a)-C(Sa)--C(9) 106-1(2)
C22) 10173 13) 4627 (2) 7556)2) 74(1) C(5--C16)-C(7) 101 8(2) C15)-C(61-C24) J15.5 (2)
C23) 8842 12) 4733 (1) 7581 12) 55 1)) C,--Ci61-C(24) 118 8 (2) C16)-CI7--C18) 103.2 12)
C241 214,1212) 2229 (1) 8778 )2) 44 k) C6 )-C(7)-C(15) 119.2 (2) C(S)-C(7)-C(15) 116-5 (21
C251 1729)3) 1703)1) 9343 (2) 57)11 C(7)-Ci8s ,Z(ha) 10.6 12) C(7)-C18(1-C111) Q-Q 121
C(26) 749 (3) 1869 ,) 9827 (2) 68)0) C(a)-C(i)-C(Il) 102-6(2) C()--Cl8.)-C5) 107 9 )2
C(27) 147 (3) 2559(2) 9751 (2) 67))) Cta)-C(8.--C(8) 114.8(2) C(Sa)-C(8a)--C(8) 102 21(2)
C28) 54212) 3085(2) 9200 2) 56)1) O1 )-C19)-C(4a) 124,1 12) O(I)-C19--C(5a) 124.4 12)
C29) 1521 (2) 2926() 8720(2) 48)1) C(4a)-C(9)-C(5a) 111.5)2) C(I--C(10-C(4) 94-12)

C)5--C(lI11-C(8) 94-4(2) O(2)-C12-O3) 123.2 (2)
0)2)-C( )2I-C(2) 1256 2) 013)-C(12-2) )I .1 (2)
03)-C13)-C(14) 1126)(2) OI4)-C(15--OjS1 123.5 (2)
O(4)--C 151-C(7) 125.2)2) 0(5-C(15--C(7) 1I1 12)

40 < 20< 55 ° , 20 ma = 1120, range of hkl: 0 < h 5 11, o(5)-Ci16)-C) 10-9)2) C(3--C(18-C19) 118.112)C(31--C(181-C(23) 1-2 (2) C(191-C118-C23) 117 71 21

0_< k _ 19, -15 1 15. Standards 400, 272, 008 C3 -C19-( ) 214 3 C%-C 20)-C21 9-813

showed random variation of 2-0% over data collection, C(20--C(21--C(22) 119-9(3) C(21)-c22--C(23) 120-213)(18)--C(23)-C122) 120.8(2) CW6-C(241--C(25) 120.0421

scan rate (10 min - ' minimum to 30' min - ' maxi- C(18)-C1243-C229) 123.312) C25-C24,-C129) 1161(2)
mum), 4116 reflections measured, 3522 unique, Rini c24--C125)-Ci2) 2 2 4 12 C1251C261-C271 120.6)3)

0.01, 3114 observed. Data reduction same as (1). C)24)--c291--C(28) 121-5 (2)2

Both structures were solved by direct methods and
refined by full-matrix least squares using program.,
provided with the Nicolet MicroVAX system wR = 0.057, max. /a= 0-01. S = 2.10. Final differ-
(SHELXTL80; Sheldrick, 1980). vw(1Fo - Ft 1)2 ence map excursions 0. 14 and -0. 14 e A-,. *

minimized where w = 1/102( I F,0 ) + g(F) 21, g =
0.0003 [0.00025 for (II)1. Atomic scattering factors Discussion. Atom numbering for Tables 1 and 2 follows
from International Tables for X-ray Crystallography that shown in Fig. 1, Tables 3 and 4 follow Fig. 2.t In
(1974). For I), 431 parameters: coordinates and (I), dimerization occurred involving only the norborna-
anisotropic temperature factors for non-H atoms, H diene molecules to form a heptacyclic cage having the
atoms riding (C-H fixed at 0-96 A) with isotropic original ring systems rotated by 900 from one another
temperature factors equal to 1. 1 x Ue, of covalently about an axis passing through the bridgehead C atoms.
bonded atom, one methyl group disordered with a
refined ratio of - 1:1. Isotropic secondary-extinction "Lists of structure factors. anisotropic thermal parameters and
value p = 0.0045 (5) applied in F,* = Fc[(l'0 + H-atom coordinates have been deposited with the Briush Library
0.002(p)F'/sin2)- 5 . Final R = 0.082. wR = 0.068, Document Supply Centrt as Supplementary Publication No. SUP
max. J/a=0-0i. S= 1.76. Final difference Fourier map 51761 (31 pp.). Copies may be obtained through The Executive
values 0.32 and -0.23 e A--'. For (11), 488 param- Secretary. International Union of Crystallography. 5 Abbey
etes same conditions - 3 f or (I otr c s ar - Square. Chester CHI 2HU. England.eters: same conditions as for (1). Isotropic secondary- )tNote that the crystallographic numbenng scheme for M11)

extinction value p = 0.0035 14). Final R value = 0.046, differs from that used to name the compound.
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packing appears influenced solely by van der Waals

09C. SC0 C2 2 forces.
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Abstract. C H,,NO,&. M ,1, 313.-4!1. monoclinic. Cc, F(000)= 672. T=296K. =0.049 for 1028 ob
S9778 14).. 115(5.c 9'7 4 ./ served reflections. The S atom 2,0(5.c=9870A.6=es a distorted tetra-

12 1- 07 (3)% V = 1688.2 (I) A%. Z = 4. D, = hedral coordination. A bifurcated h en bond is ob-
p.2 g '(Mo Kas) =0. 71073 A. y 1. 65 cm~' served between the amino N atom and t rbonyl 0
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